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{57] ABSTRACT

A magnetic separator for fluids has a non-magnetic
container which is divided into a trapping portion and
an accumulating portion. A fluid containing magnetic
particles to be removed therefrom is introduced via an
inflow pipe and discharged via a discharge pipe located
in the top and bottom, respectively, of the trapping
portion. A pair of electrodes are mounted in opposite
end walls of the container, and a plurality of magnetiz-
able wires are strung across the container in parallel
between the electrodes. The electrodes are electrically
connected to a mechanism for generating alternating
current whose frequency: components are harmonics of
the fundamental frequency of vibration of the magnetiz-
able wires. The container is situated between a pair of -
magnets which produce a magnetic field whose
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1
MAGNETIC SEPARATOR FOR FLUIDS

BACKGROUND OF THE INVENTION

This invention relates to a magnetic separator for
separating magnetic particles from a fluid by magnetic
force.

FIGS. 1 and 2 illustrate a conventional magnetic
separator of the type to which the present invention
pertains. FIG. 1 being a vertical cross-sectional view
and FIG. 2 being a perspective view thereof. This mag-
netic separator comprises a non-magnetic container 1
having inflow pipes 2 and 4 formed in its upper portion
and corresponding discharge pipes 3 and 5 formed in its
bottom portion. Inflow pipe 2 and discharge pipe 3 are
for a fluid containing magnetic particles which are to be
removed therefrom, while inflow pipe 4 and discharge
pipe § are for washing water. The inside of the con-
tainer 1 is divided into a particle trapping portion 7 and
a particle accumulating portion 8 by a vertically-
extending partition 6 having a plurality of through holes
formed therein. A plurality of magnetizable wires 9 are
stretched horizontally across the length of the container
1 with their ends secured to opposite walls of the con-
tainer 1. A mechanical vibrator 12 for vibrating the
magnetizable wires 9 extends through an opening
formed in the upper portion of the container 1. As
shown in FIG. 2, the container 1 is disposed between a
pair of magnetic poles 13 with magnetize the magnetiz-

able wires 9. The faces of the poles 13 are angled.

towards one another so that the strength of the mag-
netic field produced thereby within the container 1
linearly increases from the trapping portion 7 towards
the accumulating portion 8.

During the operation of this conventional apparatus,
a fluid 10 containing magnetic particles is introduced
into the container 1 via inflow pipe 2, while washing
water 11 is introduced via inflow pipe 4. The wires 9 are
magnetized by the magnetic field produced by the poles
13, a magnetic attractive force which is proportional to
the strength of the magnetic field and to the magnitude
of the magnetic field gradient acts on the magnetic
particles, and the magnetic particles contained in the
fluid 10 are trapped by the magnetizable wires 9 as the
fluid 10 flows therethrough.

While the fluid 10 is passing through the container 1,
the mechanical vibrator 12 is operated to vibrate the
fluid 10, the magnetizable wires 9, and the magnetic
particles. The vibration forces the trapped magnetic
particles to momentarily separate from the magnetiz-
able wires 9, but upon separating, the magnetic attrac-
tive force causes them to reattach to the magnetizable
wires 9. Each time the magnetic particles separate from
the wires 9, they are moved by the magnetic field
slightly in the direction of the accumulating portion 8
before they again attach to the magnetizable wires 9.
Thus, as the magnetic particles repeatedly separate
from and attach to the magnetizable wires 9, they are
gradually conveyed from the trapping portion 7 into the
accumulating portion 8 via the through holes in the
partition 6. In the accumulating portion 8, the magnetic
particles are removed from the magnetizable wires 9 by
the downwards flow of washing water 11 through the
accumulating portion 8, and the washing water 11 and
the magnetic particles are together discharged from the
container 1 via discharge pipe 5. The fluid 10, from
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2
which the magnetic particles have been removed, is
discharged via outflow pipe 3.

The use of a mechanical vibrator 12 in this conven-
tional magnetic separator to vibrate the magnetizable
wires 9 and the magnetic particles creates the problem
that the strength of the vibrations produced thereby
varies depending on the distance of the wires 9 from the
vibrator 12 and the path by which the vibrations are
transmitted to the wires 9. As a result, the strength of
the vibrations greatly varies over the length of each
wire 9 and among the wires 9. At some locations along
the wires 9, the vibrations are so strong that the mag-
netic particles become completely detached from the
wires 9 and cannot reattach thereto. On the other hand,
at other locations, the vibrations are too weak to make
the magnetic particles detach from the wires 9, and the
magnetic particles remain attached to the wires 9 at
those locations and are not conveyed along the length
of the wires 9 to the accumulating portion 8. Therefore,
this conventional apparatus is unable to reliably sepa-
rate the magnetic particles from the fluid in which they
are contained and collect them.

Another problem with this type of conventional mag-
netic separator is that the strength of the magnetic field
within the container 1 is a maximum at the end of the
accumulating compartment 8 farthest from the trapping
portion 7 (the far right end in FIG. 1). Therefore, the
magnetic particles are continually pushed by the mag-
netic field against the right wall of the container 1 and
accumulate there. It is possible to force the magnetic
particles accumulated along the wall of the container 1
to separate from the magnetizable wires 9 by increasing
the flow speed of the washing water 11. However, an
increased flow speed causes some of the magnetic parti-
cles which were accumulated in the accumulating por-
tion 8 to be carried back into the trapping portion 7
through the holes in the partition 6, resulting in a de-
crease in the recovery of magnetic particles.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
magnetic separator for fluids containing magnetic parti-
cles which can trap the magnetic particles and reliably
convey.them along the length of magnetizable wires
from a trapping portion to an accumulating portion.

It is another object of the present invention to pro-
vide a magnetic separator which employs a very low
flow speed of washing water for removing magnetic
particles from the magnetizable wires.

In a magnetic separator for fluids according to the
present invention, magnetizable wires for trapping mag-
netic particles in the fluid are strung between electrodes
which are mounted at opposite ends of a container, and
an alternating electric current is passed through the
magnetizable wires. The alternating current has a plu-
rality of frequency components which are multiples of
the fundamental frequency of vibration of the magnetiz-
able wires. The container is positioned in a magnetic
field produced by a pair of confronting magnetic poles,
the magnetic field crossing the magnetizable wires at
right angles. When a current is passed through the mag-
netizable wires, the magnetic field produced by the
poles exerts a time-varying force on the magnetizable
wires, causing them to vibrate at the frequencies of the
imposed current. All of the magnetizable wires can be
uniformly vibrated and magnetic particles can be reli-
ably conveyed along the wires from a trapping portion
to an accumulating portion.
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In a preferred embodiment, the pole faces of the mag-
netic poles are shaped so that the strength of the mag-
netic field within the container increases from the trap-
ping portion to the accumulating portion and reaches a
maximum strength within the accumulating portion and
is less than this maximum along the walls of the accumu-
lating portion so that magnetic particles will not be
pushed against the walls by the magnetic field.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a vertical cross-sectional view of a conven-
tional magnetic separator for fluids.

FIG. 2 is a perspective view of the separator shown
in FIG. 1.

FIG. 3 is a vertical cross-sectional view of a first
embodiment of a magnetic separator according to the
present invention. '

FIG. 4 is a cross-sectional view taken along Line
IV—IV of FIG. 3.

FIG. § is a horizontal cross-sectional view taken
along Line V—V of FIG. 3, showing the shape of the
pole faces of the magnetic poles of the separator.

FIG. 6a is a vertical cross-sectional view of a portion
of the embodiment of FIG. 3 surrounding a single mag-
netizable wire, and FIG. 6b is a graph showing the
variation in the strength of the magnetic field along its
length.

FIGS. 7a and 7b are schematic views of a section of
a magnetizable wire of the embodiment of FIG. 3, illus-
trating the direction of the force acting thereon when it
is carrying a current in a magnetic field.

FIGS. 8¢-84 are schematic views of a single magne-
tizable wire of the embodiment of FIG. 3, showing the
modes of vibration thereof.

FIG. 9 is a veriical cross-sectional view of a second
embodiment of the present invention.

FIG. 10 is a horizontal cross-sectional view taken
along Line X—X of FIG. 9.

In the drawings, the same reference numerals indicate
the same or corresponding parts.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinunder, a number of preferred embodiments of
a magnetic separator according to the present invention
will be described while referring to FIGS. 3 through 10
of the accompanying drawings, of which FIG. 3 is a
vertical cross-sectional view of a first embodiment. The
overall structure of this first embodiment is similar to
that of the conventional magnetic separator shown in
FIG. 1. A non-magnetic container 21 has inflow pipes
22 and 24 formed in its upper portion and corresponding
discharge pipes 23 and 25 formed in its bottom portion.
Inflow pipe 22 and discharge pipe 23 are for a fluid
containing magnetic particles which are to be removed
therefrom, while inflow pipe 24 and discharge pipe 25
are for a washing fluid, which in the present embodi-
ment is washing water. The inside of the container 21 is
divided into a particle trapping portion 27 and a particle
accumulating portion 28 by a vertically-extending parti-
tion 26 having a plurality of through holes formed
therein. Inflow pipe 22 and discharge pipe 23 communi-
cate with the trapping portion 27, while inflow pipe 24
and discharge pipe 25 communicate with the accumu-
lating portion 28. A plurality of electrically-conducting,
magnetizable wires 29 are stretched horizontally across
the length of the container 21 and pass through the
holes in the partition 26. The diameter of the through
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4

holes in the partition 26 is sufficiently larger than the
diameter of the wires 29 so that magnetic particles
which are attached to the wires 29 can pass through the
holes. The ends of the wires 29 are secured to a pair of
electrodes 32 which are secured to the walls of the
container 21 and insulated therefrom by electrical insu-
lation 33. As shown in FIG. 4, which is a cross-sectional
view taken along Line IV—IV of FIG. 3, the magnetiz-
able wires 29 are arranged in a matrix of parallel rows
and columns. However, there is no restriction on the
number of wires 29 which are used, and they need not
be arranged in the pattern shown in FIG. 4. The magne-
tizable wires 29 constitute means for trapping magnetic
particles in a fluid passing through the trapping portion
27.

A plurality of signal generators 34 which produce
alternating current output signals of different prescribed
frequencies are electrically connected to an adder 35
which produces an output signal which is a composite
of the input signals from all the signal generators 34.
The composite signal from the adder 35 is input to an
amplifier 36, which produces an amplified alternating
current signal proportional to the signal from the adder
35, and the amplified signal is applied across the two
electrodes 32. One of the signal generators 34 produces
an output signal whose frequency is the fundamental
frequency of vibration of the magnetizable wires 29,
and each of the other signal generators 34 produces a
signal whose frequency is the second, third, or fourth
harmonic of the fundamental frequency.

The container 21 is disposed between a pair of mag-
netic poles 37 which produce a magnetic field whose
direction is perpendicular to the axes of the magnetiz-
able wires 29. In the present invention, permanent mag-
nets are employed to produce the magnetic field, but
electromagnets may be used instead. Although the pole
faces may be simple flat surfaces which are angled
towards one another in the same manner as in the con-
ventional magnetic separator of FIG. 2, preferably the
poles faces are shaped such that the magnetic field
strength continually increases from the trapping portion
27 to the accumulating portion 28 and reaches a maxi-
mum in the accumulating portion 28 somewhere be-
tween the partition 26 and the electrode 32 in the accu-
mulating portion 28. Furthermore, the strength of the
magnetic field preferably decreases from this maximum
value towards the right electrode 32 of the accumulat-
ing portion 28. Such poles are shown in FIG. 5, which
is a horizontal cross-sectional view taken along Line
V—V of FIG. 3. Each pole face is angled towards that
of the opposite pole 37 so that the separation between
the poles 37 gradually and linearly decreases from the
trapping portion 27 to the accumulating portion 28 and
is a minimum at approximately the middle of the accu-
mulating portion 28. From this point of minimum sepa-
ration, the separation between the poles 37 then gradu-
ally increases towards the right electrode 32 in FIG. 5.
With this geometry, the strength of the magnetic field
continuously increases from both ends of the container
21 and is a maximum in roughly the middle of the accu-
mulating portion 28 where the pole separation is small-
est. FIGS. 6a and 6b are a side view of a single magne-
tizable wire 29 and a graph of the strength of the mag-
netic field along the length of the wire 29 with the
above-described arrangement of magnetic poles. The
changing magnetic field strength produces a horizontal
force which acts on magnetic particles 38 which are
trapped by the wire 29. The direction of this horizontal
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force is indicated by the horizontal arrows 39 in FIG.
6a. At all points along the wire 29, this force is directed
towards the vertical plane in which the magnetic field
strength is greatest, corresponding to the location of
minimum pole separation. As the maximum field
strength is located to the left of the right electrode 32 in
the accumulating portion 28, magnetic particles 38 are
pushed away from the electrode 32 rather than towards
it.

During the operation of this embodiment, a fluid 30
containing magnetic particles to be removed therefrom
is introduced into the container 21 via inflow pipe 22
and flows downwards through the trapping portion 27
past the magnetizable wires 29. The magnétizable wires
29, which are magnetized by the magnetic field gener-
ated by the magnetic poles 37, trap the magnetic parti-

5

cles contained in the fluid 30, and the fluid 30 from

which the magnetic particles have been separated is
discharged from discharge pipe 23. :

While the fluid 30 is flowing through the container
21, an alternating ‘current having a multiple of fre-
quency components is passed through the magnetizable
wires 29 by the amplifier 36. As shown in FIGS. 74 and
7b, which are schematic views of a short section of a
magnetizable wire 29 in a magnetic field H, when a
current i is passed through the wire 29, a force F acts on
the wire 29, the direction thereof being orthogonal to
the direction of the magnetic field H and the direction
of the current i. Since the current which is passed
through the magnetizable wire 29 is an alternating one,
the direction of the force acting on the wire 29 will
alternate, ‘causing the wire 29 to vibrate at the fre-
quency of the alternating current.

In the present invention, the alternating current
which is passed through the wires 29 has a plurality of

20

25

frequency components which are harmonics of the

fundamental frequency of vibration of the wires 29. The
component which is the first harmonic of the fundamen-
tal frequency of vibration will make the wires 29 vibrate
in the manner shown in FIG. 84, with a wavelength of
twice the distance between the electrodes 32. The com-
ponent which is the second harmonic of the fundamen-
tal frequency will make the wires 29 vibrate in the man-
ner shown in FIG. 85, with a- wavelength equal to the
distance between the electrodes 32. The third and
fourth harmonics will make the wires 29 vibrate in the
manners shown in FIGS. 8¢ and 84, respectively, with

40

45

_ wavelengths of § and 3, respectively the distance be- -

tween the electrodes 32. All of these four frequency
components are simultaneously contained in the current
passed through the wires 29, and therefore the vibration
of the wires 29 will be a composite of the four modes of
vibration illustrated in FIG. 8. In a conventional mag-
netic separator employing a magnetic vibrator, the
strength of the vibration of a wire depends on the loca-
tion of the wire within the container. However, in the
present invention, the same current is passed through all
of the magnetizable wires 29, and provided that the size
and the tension of each wire 29 is the same, all of the
wires 29 can be made to vibrate uniformly.

The frequency of the current which is passed through
the magnetizable wires 29 need not be a harmonic of the
fundamental frequency of vibration of the. wires 29.
Any alternating current will produce vibrations. How-
ever, if the wires 29 are made to vibrate at a multiple of
their fundamental frequency of vibration, large vibra-
tions can be produced by a very small current, and
therefore the frequency of the current is preferably a
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harmonic of the fundamental frequency. It is also possi-
ble to use a current having only a single frequency
component,but the wires 29 can be made to more uni-
formly vibrate over their entire lengths if the current
has a plurality of frequency components which are
different harmonics of the fundamental frequency.

In the trapping portion 27, the magnetic particles
which are trapped by the magnetizable wires 29 are
forced to momentarily separate from the wires 29 due to
the vibration of the wires 29, and then reattach to the
wires 29 due to the attractive magnetic force. As the
magnetic particles repeatedly separate from and reat-
tach to the wires 29, they are transported along the -
wires 29 from the trapping portion 27 into the accumu-
lating portion 28 by the magnetic field produced by the
magnetic poles 37 in the manner shown in FIG. 6a. As
the horizontal force acting on the magnetic particles is
directed towards the position at which the magnetic
field strength is a maximum, the magnetic particles will
accumulate on the magnetizable wires 29 at this position
in the accumulating portion 28, approximately midway
between the partition 26 and the right electrode 32. In
contrast to a conventional magnetic separator, there is a
force pushing magnetic particles 38 away from the wall
of the accumulating portion 28 rather than towards it,
and no particles 38 will accumulate along the wall.
Magnetic particles 38 which are conveyed from the
trapping portion 27 will continue to accumulate at this
position on the wires 29 until a point of saturation is
reached and the wires 29 can hold no more magnetic
particles 38. Any further magnetic particles 38 which
are conveyed from the trapping portion 27 will perma-
nently separate from the magnetizable wires 29 upon
reaching this position and will sink downwards to be
discharged from the container 21 together: with wash-

-ing water 31 via discharge pipe 25.

Thus, since the magnetic particles will become per-
manently detached from the magnetizable wires 29 due
to the vibration of the wires 29 upon reaching the posi-
tion where the magnetic.field strength is a maximum,
the washing water 31 need serve only as a means for
transporting the particles through the accumulating
portion 28 to the discharge pipe 25, and it is not neces-
sary to forcefully detach the magnetic particles from
the magnetizable wires 29 with the washing water 31.
Accordingly, the flow speed of the washing water 31
can be made extremely low, and it is even possible to
eliminate the washing water 31. Not only does a low
flow speed of the washing water 31 prevent the mag-
netic particles from being carried back into the trapping
portion 27, it also increases the concentration of mag-
netic particles in the washing water 31 and simplifies the
recovery of the particles.

FIG. 9 is a vertical cross-sectional view of a second
embodiment of a magnetic separator according to the
present invention, and FIG. 10 is a horizontal cross-sec-
tional view thereof taken along Line X—X of FIG. 9.
The overall structure of this embodiment is similar to
that of the first embodiment, but it is symmetrical about
a vertical axis when viewed in cross section. A non-
magnetic container 41 has an inflow pipe 42 for a fluid
containing magnetic particles formed in the center of its
upper portion and a corresponding discharge pipe 43 -
formed in the center of its bottom portion. Inflow pipes *
44 and discharge pipes 45 for washing water are formed
in the upper and lower portions, respectively, of the
container 41 at both ends thereof. The inside of the
container 41 is divided into a centrally-located trapping
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portion 47 and a pair of accumulating portions 48 at
opposite ends of the container 41 by a pair of vertically-
extending partitions 46 having through holes formed
therein. A pair of electrodes 52 are mounted in the end
walls of the container 41 and are insulated from the
container 41 by electrical insulation §3. A plurality of
magnetizable wires 49 arranged in parallel rows and
columns are strung between the electrodes 52 so as to
pass through the holes in the partitions 46. An alternat-
ing current having a plurality of frequency components
which are harmonics of the fundamental frequency of
vibration of the magnetizable wires 49 is passed through
the magnetizable wires 49 by a plurality of signal gener-
ators 34, an adder 35, and an amplifier 36 which are
connected with one another in the same manner as in
the first embodiment.

As shown in FIG. 10, the container 41 is disposed
between a pair of magnetic poles 54. The pole faces are
shaped so that the separation between them is a maxi-
mum at the center of the trapping portion 47 of the
container 41, linearly and gradually decreases to a mini-
mum in both of the accumulating portions 48, and then
gradually increases towards the electrodes 52. With this
geometry, the magnetic field strength is a minimum at
the center of the trapping portion 47 and reaches maxi-
mum values in the accumulating portions 48, roughly
midway between the partitions 46 and the electrodes 52.

During operation of the embodiment, a fluid 50 con-
taining magnetic particles to be separated therefrom is
introduced through inflow pipe 42, and washing water
51 is introduced through both of inflow pipes 44. An
alternating current having a plurality of frequency com-
ponents which are harmonics of the fundamental fre-
quency of vibration of the magnetizable wires 49 is
passed through the wires 49 by the amplifier 36, causing
all the wires 49 to vibrate uniformly. In the same man-
ner as described above, the magnetic particles are con-
veyed along the magnetizable wires 49 from the trap-
ping portion 47 into the accumulating portions 48 by the
magnetic field producted by the poles 54 as they repeat-
edly separate from and attach to the magnetizable wires
49. As in the previous embodiment, magnetic particles
accumulate on the wires 49 in the accumulating por-
tions 48 at the positions of maximum magnetic field
strength until a point of saturation is reached. Any fur-
ther magnetic particles which are conveyed into the
accumulating portions 48 permanently detach from the
magnetizable wires 49 upon reaching these positions
and sink to the bottom of the container 41, to be dis-
charged from the discharge pipes 45 together with
washing water 51. As in the previous embodiment,
there is no accumulation of magnetic particles along the
walls of the container 41, and the magnetic particles
detach from the magnetizable wires 49 due to the force
of the vibrations of the wires 49, so that the flow speed
of the washing water 51 can be made extremely low or
even zero.

In the above-described embodiments, the magnetic
field within the container has a maximum strength at
one location within each of the accumulating portions,
but it is also possible for the field strength to be a maxi-
mum at a plurality of locations within each accumulat-
ing portion.

The means for trapping magnetic particles in the
above-described embodiments is in the form of a plural-
ity of parallel, magnetizable wires. However, it is also
possible for the trapping means to be in the form of a
mesh of an electrically-conducting, magnetizable mate-
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rial which extends for the length of a container and
whose ends are secured to electrodes at opposite ends of
the container.
The magnetic poles in the above-described embodi-
ments are located outside of the container of the separa-
tor, but it is possible for the magnetic poles to be built
into the walls of the container. It is also possible to
eliminate the partition between the trapping and accu-
mulating portions. .
Furthermore, although the fluid containing magnetic
particles in the above embodiments is a liquid, a mag-
netic separator according to the present invention can
also be applied to the separation of magnetic particles
from gases.
What is claimed is:
1. A magnetic separator for fluid containing magnetic
particles comprising:
a container having end walls and which is divided by
a first partition into a particle trapping portion and
a first particle accumulating portion which are in
fluid communication with one another, the upper
portion of said trapping portion being equipped
with a fluid inlet and the lower portion being
equipped with a fluid outlet for said fluid contain-
ing magnetic particles;
means for producing a magnetic field within said
container, which increases from said trapping por-
tion to reach a maximum between one of said end
walls associated with said first particle accumulat-
ing portion of said container and said first partition;

particle trapping means for trapping said magnetic
particles in said fluid as said fluid flows from said
fluid inlet to said fluid outlet, said particle trapping
means extending across said container through said
trapping portion and said accumulating portion and
being made of an electrically-conducting material
which can be magnetized by said means for pro-
ducing a magnetic field and being oriented with
respect to said magnetic field so that said magnetic
field will exert a force on said particle trapping
means when an electric current is passed there-
through; and

means for passing an alternating electric current

through said particle trapping means.

2. A magnetic separator as claimed in claim 1 wherein
said particle trapping means comprises a plurality of
parallel wires whose ends are secured to opposite end
walls of said container and whose axes are perpendicu-
lar to the direction of said magnetic field.

3. A magnetic separator as claimed in claim 2, said
first partition having a plurality of through holes
formed therein through which said wires pass, said
through holes being sufficiently large in diameter for
said magnetic particles to pass therethrough around said
wires.

4. A magnetic separator as claimed in claim 3 wherein
the upper portion of said accumulating portion is
equipped with a washing fluid inlet and the lower por-
tion of said accumulating portion is equipped with a
washing fluid outlet, the portion of said wires which is
within said accumulating portion being disposed be-
tween said washing fluid inlet and said washing fluid
outlet.

5. A magnetic separator as claimed in claimi wherein
said particle trapping means comprises a mesh whose
ends are secured to opposite end walls of said container.

6. A magnetic separator as claimed in claim 1 wherein
said particle trapping means has a fundamental fre-
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quency of vibration, and said alternating current has
one or more frequency components, each of which is a
harmonic of said fundamental frequency.

7. A magnetic separator as claimed in claim 1
wherein: 5

said container includes a second accumulating por-

tion separated from said first accumulating portion
by said particle trapping portion and joined to said
second particle trapping portion by a second parti-
tion; and :

the strength of said magnetic field increases from the

center of said trapping portion towards both of said
accumulating portions to reach a maximum be-
tween end walls associated with each of said accu- |5
mulating portions and said first and second parti-
tions. ; ,

8. A magnetic separator as claimed in claim 7 wherein
said particle trapping means comprises a plurality of
parallel wires whose ends are secured to opposite end 20
walls of said container and whose axes are perpendicu-
lar to the direction of said magnetic field.

9. A magnetic separator as claimed in claim 8 further
comprising an additional partition, the two partitions
being secured to said:container and separating said trap- 25
ping portion from said accumulating portions, said par-
titions having a plurality of through holes formed
therein through which said wires pass, said through
holes being sufficiently large in diameter for said mag-
netic particles to pass therethrough around said wires.

10. A magnetic separator as claimed in claim 9
wherein the upper portion of each accumulating por-
tion is equipped with a washing fluid inlet and the lower
portion of each accumulating portion is equipped with a
washing fluid outlet, the portion of said wires which is
within said accumulating portion being disposed be-
tween said washing fluid inlet and said washing fluid
outlet. o

11. A magnetic separator as claimed in claim 7 4
wherein said particle trapping means comprises a mesh
whose ends are secured to opposite end walls of said
container.

12, A magnetic separator as claimed in claim 7
wherein said particle trapping means has a fundamental 45
frequency of vibration, and said alternating current has
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one or more frequency components, each of which is a’
harmonic of said fundamental frequency.

13. A magnetic separator for a fluid containing mag-

netic particles comprising;

a container which is divided into a particle trapping
portion and a particle accumulating portion which
are in fluid communication with one another, an
upper portion of said trapping portion being
equipped with means defining a fluid inlet and a
lower portion being equipped with means defining -
a fluid outlet for said fluid containing magnetic
particles;

means for producing a magnetic field within said
container, which increases from said trapping por-
tion to said accumulating portion;

particle trapping means for trapping said magnetic
particles in said fluid as said fluid flows from said
fluid inlet to said fluid outlet, said particle trapping
means extending across said container through said
trapping portion and said accumulating portion and
being made of an electrically-conducting material
which can be magnetized by said means for pro-
ducing a magnetic field and being oriented with
respect to said magnetic field so that said magnetic
field will exert a force on said particle trapping
means when an alternating electric current is

* passed therethrough; and

means for passing an alternating electric current
through said particle trapping means where said
alternating current has one or more frequency
components, each of which is a harmonic of the
fundamental frequency of said particle trapping.
means. ' .

14. A magnetic separator-as claimed in claim 13 .

wherein:

said container includes a second accumulating por-
tion spaced from said first accumulating portion by
said particle trapping portion and separated from
said second particle trapping portion; and

the strength of said magnetic field increases from the
center of said trapping portion towards both of said
accumulating portions to reach a maximum be-
tween end walls associated with each of said accu-
mulating portions and said first and second parti-

tions.
* * * * *
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